Background {#Sec1}
==========

Campylobacter is the leading cause of bacterial gastroenteritis in the world and is transmitted to humans through contaminated food, water, or exposure to animals who may be carrying the bacteria \[[@CR1]\]. The disease is generally self-limiting with cases experiencing symptoms 1 week or less, followed by a full recovery. However, for a minority of people, these symptoms can extend for months and even years or can develop into post-infectious sequelae (PIS) such as Guillan-Barré syndrome, reactive arthritis, and irritable bowel syndrome \[[@CR2]--[@CR4]\].

There are very few prospective studies in the U.S.A. that examine the incidence rate of these outcomes among cases of Campylobacter and none in ethnically diverse populations \[[@CR2], [@CR5], [@CR6]\]. Prospective studies are necessary to establish cause and effect due to a variety of factors related to these infections and subsequent PIS. First, neither of these pathogens produce long-lasting antibodies that can reliably be used as a marker for previous infection \[[@CR7]\]. Next, there have been some studies that have linked the severity of acute symptoms, such as hospitalization, the number of days with diarrhea, and occurrence of bloody diarrhea to these chronic outcomes \[[@CR4], [@CR8]\]. Collecting acute information at the time of the event greatly decreases recall bias and response variability of acute symptoms \[[@CR9]\]. Many PIS do not develop for weeks to even months after the initial infection \[[@CR2], [@CR4]\] further adding to the challenge of recall bias related to symptoms and pertinent exposures. In addition, many of these diagnoses have other known associations, such as depression, and are based on a set of symptomatic criteria (e.g., Rome IV for irritable bowel syndrome \[[@CR10]\]) and not a diagnostic test that would link them directly to a previous infection. Prospective studies allow for the identification of exposure (infection), and tracking the onset, duration, and recovery time of these outcomes accurately. To understand the rate of chronic outcomes following a Campylobacter infection, we conducted a 1-year pilot study of campylobacteriosis cases in Maricopa County, Arizona, USA in preparation for a larger study. This larger study will take advantage of prospective collection of epidemiologic (through questionnaires) and microbial data (through follow-up stool cultures) and will fill several knowledge gaps regarding specific microbial factors that translate into clinical outcomes. Patients with Salmonella and Campylobacter infections in Arizona and Colorado will be recruited for 15 months including two summers to increase enrollment.

The aim of this prospective cross-sectional pilot study was to determine a crude incidence rate of PIS (e.g., functional gastrointestinal disorders, neurological outcomes, and joint disorders) among campylobacteriosis cases and determine the feasibility of conducting a follow-up questionnaire in this population. The objectives of this study are to (1) determine the feasibility of conducting follow-up surveys in the study population to determine recruitment rate, response rate, and acceptability for the larger study, (2) identify any associations between demographics and other risk factors for those who enrolled in the study versus those who did not, and (3) estimate the rate of chronic outcomes in the study population.

Methods {#Sec2}
=======

Following a patient's clinical visit where a stool sample is first collected, laboratories report all confirmed and probable cases of campylobacteriosis to the local health department in accordance with state law. This notification usually occurs within 1--2 days of testing and 3--4 days of the initial patient visit. As part of an ongoing routine surveillance contract with the Maricopa County Department of Public Health (MCDPH), all cases of campylobacteriosis are assigned to the Student Aid for Field Epidemiology Response (SAFER) for follow-up. This program embedded in the university's College of Public Health, teaches students about outbreak response and public health surveillance \[[@CR11]\]. Each case was then interviewed over the telephone utilizing a routine public health enteric surveillance questionnaire (EQ) that collects information on demographics, acute symptoms, pre-existing conditions, and exposures to food, water, and animals \[[@CR12]\]. Following the EQ, cases were recruited and consented into the pilot study from August 1, 2016--August 31, 2017 in order to collect 13 months of data across two summers when case counts are normally high (see Additional file [1](#MOESM1){ref-type="media"}). To be eligible for the study, participants must have been 18 years of age or older, speak English or Spanish, and a confirmed or probable Campylobacter case from Maricopa County, Arizona with a completed EQ \[[@CR12]\]. Participants were not compensated for their participation. The University of Arizona Institutional Review Board (IRB) reviewed and accepted this research project with a determination of exempt under 45 Code of Federal Regulations (CFR) 46.101(b) \[[@CR13]\].

The participant's EQ unique identifier was also used in the cohort questionnaire (CQ). The CQ was projected to take 5--10 min of time and included 8--22 questions depending on number of reported symptoms at the time of the interview (see Additional file [1](#MOESM1){ref-type="media"}). Two final questions in the CQ were used to understand feasibility of follow-up stool samples and acceptability of alternative stool collection methods. No follow-up stool samples were collected for the pilot. Cases who agreed to participate were entered into a separate call log and contacted starting 4 weeks from EQ or onset date, whichever was sooner. Attempts were made to contact participants up to five times at different dates and times, with at least one evening or weekend call, before they were indicated as lost-to-follow-up. All interviews (EQ and CQ) were conducted orally over the phone in English or Spanish utilizing an online version of the questionnaire in the survey software Qualtrics \[[@CR14]\], with trained staff and students in a secure call center.

After the CQ for all enrolled participants was complete, data from the CQ was linked to the de-identified EQ using the unique identifier common in both datasets. Demographic data and rates of PIS (gastrointestinal symptoms, joint symptoms, neurological symptoms, and other symptoms) were determined for the eligible and enrolled groups. Chi-squared tests were used to determine differences in demographics, symptoms, and exposures between those enrolled in the study and those eligible but not enrolled during the study period. Feasibility metrics for the study including enrollment rates, response rates, time to interview, reasons for non-enrollment, and CQ information were calculated. All analyses were conducted using STATA SE 14 (College Station, TX) \[[@CR15]\].

Results {#Sec3}
=======

Of the 587 eligible patients, 286 (48.7%) were interviewed by SAFER students using the EQ, and 102 (36%) were enrolled in the study from August 1, 2016--August 31, 2017 (Fig. [1](#Fig1){ref-type="fig"}). Key reasons for non-enrollment included cases who were lost to follow-up (40.3%), cases who were not interested in participating (20.9%), cases who refused to take the EQ (17.1%), and cases who were not asked to participate in the study (9.2%). Of the twenty-eight cases who were not asked to participate in the study, reasons for not being asked to participate included cases being limited on time and rushing off the phone at the end of the EQ (14.3%), cases ending the phone call after only partial completion of the EQ (7.1%), student surveyors neglecting to ask if cases were interested in participating before ending the call (67.9%), lack of sufficient training on the enrollment protocol (3.6%), and other undocumented reasons (7.1%). Twenty-two cases (7.2%) had unknown reasons for not enrolling in the follow-up study. Seventy participants (69%) enrolled in the study and completed the CQ from August 15, 2016--October 4, 2017. On average, participants were contacted 28 days from the EQ (range 13--55 days) and 57 days from their onset date (range 32--168 days). The CQ took 12 minutes on average (range 1--34 minutes). Of the eight participants who refused the CQ, the primary reason was due to confusion: cases thought they had already taken the survey and did not want to take it again or did not understand the purpose of the survey. Almost half of the enrolled participants completed the CQ on the first call attempt (36%) or the second attempt (23%). Five (7%) of the CQ were completed in Spanish. After five call attempts during the evenings and weekends, 24 participants were lost to follow-up.Fig. 1Flowchart of participation in study

No significant differences in demographics between those enrolled and those eligible but not enrolled were found (Table [1](#Tab1){ref-type="table"}). Most were in the ≥ 60 years of age category (33.2% eligible, and 38.2% enrolled). Sex differed between those eligible and those enrolled (43.5% male for eligible and 53.9% male for enrolled). Most identified as non-Hispanic (69.6% eligible and 76.5% enrolled). Most cases described their community as urban or suburban (84.2% eligible and 83.4% enrolled).Table 1Demographics between cohortsCharacteristicEligible (not enrolled) *N* = 184\
*N* (%)Enrolled *N* = 102\
*N* (%)*p* value\*Age0.83 18--2937 (20.1)16 (15.7) 30--3928 (15.2)14 (13.7) 40--4929 (15.8)15 (14.7) 50--5929 (15.8)18 (17.7) ≥ 6061 (33.2)39 (38.2)Gender0.09 Male80 (43.5)55 (53.9) Female104 (56.5)47 (46.1)Race0.40 White150 (81.5)82 (80.4) African American5 (2.7)1 (1.0) Asian7 (3.8)2 (2.0) Native Hawaiian/Pacific Islander0 (0)0 (0) American Indian5 (2.7)1 (1.0) Other12 (6.5)13 (12.8) Unknown1 (0.5)0 (0)Ethnicity0.35 Non-Hispanic128 (69.6)78 (76.5) Hispanic48 (26.1)20 (19.6) Unknown8 (4.3)4 (3.9)Location of Residence0.32 Urban81 (44.0)43 (42.2) Suburban74 (40.2)42 (41.2) Town14 (7.6)9 (8.8) Rural, not a farm10 (5.4)3 (2.9) Farm1 (0.6)4 (3.9) Unknown4 (2.2)1 (1.0)\*Chi-squared test comparing those eligible but not enrolled and enrolled

Fifty-five (79.1%) participants agreed that they would be willing to provide a follow-up stool sample if provided all collection materials and a \$40 gift card incentive. Additionally, 35 participants (52.2%) said they would be more likely to participate in the follow-up stool sample if they were able to provide their sample via a wipe rather than the traditional stool collection method, and 22 (32.8%) noted that they would not be willing to participate and the method available would not affect their willingness to participate.

Differences among symptoms and previous medical conditions between those who enrolled in the study and those eligible but not enrolled are outlined in Table [2](#Tab2){ref-type="table"}. Those who reported mucousy diarrhea (*X*^2^ (1, *N* = 87) = 4.54, *p* = 0.03), fever (*X*^2^ (1, *N* = 68) = 3.86, *p* = 0.05), and chills (*X*^2^ (1, *N* = 21) = 14.7, *p* = 0.0001) were significantly more likely to enroll into the study. Additionally, those with no chronic conditions (*X*^2^ (1, *N* = 41) = 4.86, *p* = 0.03) and other chronic conditions ((*X*^2^ (1, *N* = 53) = 6.51, *p* = 0.01) were significantly more likely to enroll in the study. When investigating other chronic underlying conditions, enrolled participants reported thyroid (5.8%) and hypertension (5.8%) problems more than those not enrolled (0.6% and 0.6% respectively). No other significant differences in symptoms or previous medical conditions were found.Table 2Symptoms and exposure between cohortsSymptoms and exposuresEligible (not enrolled) *N* = 184\
*N* (%)Enrolled *N* = 102\
*N* (%)*p* value\*Diarrhea177 (97.8)100 (98.0)0.89 Bloody diarrhea45 (24.5)28 (27.5)0.58 Watery diarrhea66 (35.9)34 (33.3)0.67 Mucousy diarrhea137 (74.5)87 (85.3)**0.03**Fever102 (61.8)68 (73.9)**0.05**Nausea102 (57.6)62 (63.3)0.36Vomit70 (38.9)41 (41.4)0.68Abdominal pain147 (80.33)89 (89.0)0.06Headache104 (57.5)64 (64.7)0.24Other symptoms79 (42.9)62 (60.8)**0.004** Chills20 (7.0)21 (20.6)**0.0001**Antibiotics in month prior24 (13.6)8 (7.8)0.15Antacids in month prior70 (39.6)38 (38.0)0.80Healthcare outcomes0.68 Primary care79 (43.2)49 (48.5) Hospitalization60 (32.8)28 (27.7) ED/urgent care only43 (23.5)24 (23.8)Chronic condition None99 (53.8)41 (40.2)**0.03** IBS8 (4.4)2 (2.0)0.29 Chronic gastritis1 (0.5)1 (1.0)0.67 Diabetes20 (10.9)13 (12.8)0.63 Arthritis6 (3.3)7 (6.9)0.16 Other67 (36.4)53 (51.9)**0.01**  Thyroid2 (0.6)6 (5.8)**0.02**  Hypertension2 (0.6)6 (5.8)**0.02**\*Chi-squared test comparing those eligible but not enrolled and enrolled, bolded variables indicate statistically significant differences between groups

In total, 37 (52.8%, 95% CI 41.1, 64.5) patients had some form of post-infectious sequelae approximately 6 weeks after their acute onset of disease (Table [3](#Tab3){ref-type="table"}). Symptoms from their acute infection were ongoing for seven participants at the time of the CQ; this was down from 21 participants who had ongoing symptoms when first interviewed approximately 1 week after symptom onset. At time of the CQ, 24 patients (34.3%, 95% CI 23.2, 45.4) sought additional medical care, and 16 of those (66.6%) were provided a diagnosis (e.g., Crohn's disease, gastric cirrhosis, colitis, fibromyalgia, irritable bowel syndrome). Seventeen cases (24.3%, 95% CI 14.3, 34.3) had new or continuing GI symptoms, 9 (12.8%, 95% CI 5.0, 20.6) had new or continuing joint symptoms, 4 (5.7%, 95% CI 0.3, 11.1) had new or continuing neurological symptoms, and 7 (10.0%, 95% CI 3.0, 17.0) had other symptoms (i.e., headaches, swelling, fatigue, etc.).Table 3Proportion of post infectious sequelae in enrolled group (*N* = 70) and 95% confidence intervals for the proportionsPost infectious sequelae (new or continuing) \**N* (%)95% Confidence intervalsAll37 (52.8)41.1, 64.5Sought additional medical care24 (34.3)23.2, 45.4Gastrointestinal symptoms17 (24.3)14.3, 34.3Joint symptoms9 (12.8)5.0, 20.6Neurological symptoms4 (5.7)0.3, 11.1Other symptoms7 (10.0)3.0, 17.0\*See Additional file [1](#MOESM1){ref-type="media"} for questions used

Discussion {#Sec4}
==========

The objective of this pilot study was to determine the rate of chronic outcomes resulting from Campylobacter infection and assess feasibility for a larger study by evaluating recruitment and retention rates. We found that 52.8% of patients experienced PIS 6 weeks after acute onset of disease, with seven participants experiencing ongoing symptoms at the time of the CQ. After assessing recruitment and retention rates, we found that 36% of eligible patients enrolled into the study without incentives and 68.6% of those enrolled completed the CQ. Overall, the pilot study results indicate that a larger, definitive study is feasible.

Regarding any differences between those who enrolled and those who did not, the authors can only make an educated guess given our long history of interviewing patients. We would assume that those who had additional symptoms would be more inclined to enroll because they feel it is a more serious condition. However, higher rates of enrollment among those without pre-existing conditions may be because this is a rare event for them and holds some interest. Both observations could also be an artifact of a small sample size and not hold true in a larger study. Interestingly, these two risk factors, severity of disease and history of other chronic conditions have been noted in the literature to increase the odds of developing a PIS so while one would bias the results towards finding an association, the other would bias them away from this. To address these issues, we have developed a more robust recruitment and retention plan for the larger study as described below.

We estimated that 10--15% would experience PIS following acute onset of disease; however, our pilot study found that 52.8% of patients experienced PIS 6 weeks after acute onset. This is a much larger proportion compared to other literature \[[@CR2], [@CR16]\]; however, this pilot study used only self-reported symptoms and not diagnosed conditions which would lead to higher numbers. There are few prospective studies investigating PIS after Campylobacter infection; estimated rates for reactive arthritis after Campylobacter infection may occur in 1--5% of cases, 1--11% for irritable bowel syndrome, and less than 1% of cases for Guillain Barré syndrome \[[@CR2]\]. The larger study will contribute significantly to this field by providing estimates of PIS utilizing a prospective study design. The larger study will also include Salmonella cases, a similar bacterial infection also linked to PIS. Salmonella cases were not used for this pilot study because at the time their assignment to SAFER was different from Campylobacter cases, and we wanted to simplify the protocol for testing. In addition, our larger study will include a clinician who can determine if the reported symptoms would lead to a clinical diagnosis for IBS or other commonly reported PIS.

Methods of follow-up for prospective cohort studies are a major challenge to ensure validity of study results. To achieve our recruitment rate goal of 65%, the larger study will provide a graduated incentive system for participants, text reminders, e-mail or mail updates on the study, a study web portal, and the ability for participants to report symptoms or diagnoses in real-time through a secure online questionnaire. Information on engagement as well as outputs from the online questionnaire will be shared with interviewers before the next scheduled CQ to help with retention. To reduce the number of participants who are lost to follow-up, we will use "assigned" interviewers so that participants are more familiar with one key team member, like a caseworker. Given the largest group enrolled in the study was in the 60 + age group, this will help reduce confusion and provide consistency across multiple interviews.

In our larger study, we plan to collect follow-up stool samples to identify biomarkers for chronic outcomes and understand how the gut microbiome has changed after acute infection. Regarding feasibility of these follow-up stool samples, cohort participants stated that they would be willing to provide us with a follow-up stool culture if provided a \$40 incentive. Additionally, more people will be willing to participate if they are provided the option to use a wipe instead of traditional collection methods. We plan to provide these options in the larger study to help with retention and sample collection. Additionally, since follow-up stool samples will occur at home, we anticipate high acceptability and compliance in comparison to other prospective cohorts \[[@CR17]\].

This pilot study has strengths and limitations. The prospective design of this pilot study allowed for the tracking of PIS after acute infection. Additionally, the student interviewers who participated in the study gained valuable experience in public health research. Due to the small sample size, extrapolations on the extent and severity of post-infectious sequelae are not recommended. Over half of the cohort had PIS at time of CQ; this is much larger than was expected and is in contrast to other studies \[[@CR4], [@CR18]--[@CR22]\] that have examined similar outcomes. We attribute this higher proportion to a few things. First, the questions we selected were intended to capture a broad range of symptoms for gastrointestinal, neurological, and joint symptoms; the larger study will utilize validated questionnaires for PIS. Also, PIS, such as irritable bowel syndrome, can fluctuate over time. We only conducted one CQ with patients at 4--6 weeks post-acute infection, therefore the high proportion of PIS in our cohort may be an artifact of the acute infection including ongoing symptoms. The future study will conduct multiple CQs with patients over the course of a year to account for variability in PIS. Finally, those who enrolled in the study were healthier with fewer chronic conditions and had mucousy diarrhea, fever, and chills more often than those not enrolled. Participants enrolled were educated on the possibility of long-term symptoms at the time of enrollment, and therefore may have been more aware of changes or ongoing symptoms at the time of CQ.

Conclusions {#Sec5}
===========

This pilot study will be used to address the larger issue of determining the true burden of disease following infection with common foodborne pathogens. Generally, Campylobacter and Salmonella are considered self-limiting acute infections, and chronic outcomes are largely ignored from a clinical or public health standpoint. Our study will be used to determine the true incidence of these long-term sequelae in an ethnically diverse population in Arizona and Colorado improving the generalizability of the results. Finally, we will team with microbiologists to determine the specific mechanisms that Campylobacter and Salmonella use to initiate autoimmune or other chronic outcomes. Improved understanding of these concepts will lead to improved management of patient health.
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